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Abstract 
In this thesis the energy analysis of a specific residential building, which is part of a 
greater complex of buildings in a rural area, will be presented. The purpose is to limit 
the energy losses, energy consumption and the emissions of carbon dioxide (CO2). Fur-
thermore, it aims to generate energy through renewable energy sources, such us pho-
tovoltaic systems. 
The suggested building is designed in GCAD and the building performance simulation is 
run in the 4M KENAK. In order to identify the indoor conditions, and their relation with 
the energy demand, experimental measurements were applied, measured indices in-
clude thermal comfort parameters, and also Indoor Air Quality ones, specifically CO2 
concentration. Furthermore, an Aerial Thermal Inspection using Drone was performed 
in order to better acknowledge the heat losses of the envelope. Also, the efficiency of 
the HVAC systems that operate in the building are evaluated and the results will be pre-
sented. 
Closing, in this thesis, certain interventions will be suggested to ameliorate the thermal 
comfort conditions of the residence through improving the Shell, optimize the efficiency 
of the installed HVAC systems, and using specific automations. In addition to improving 
the thermal comfort, operating cost of the building will be reduced. The conclusions aim 
to contribute to a more general discussion regarding the exploitation of different meth-
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1 Literature Review 
1.1 Climate Change 
 
Definition of the term Climate Change is the shift of earth’s climate and specifically the 
change of meteorological data of a location through a large time period. Nowadays the 
effect of climate change is a vastly concerning issue that affects the globe and the con-
sequences of climate change threaten earths’ environment and human kind in total.  
For that reason, certain initiatives took place, introducing policies that adopt a different 
lifestyle, way of thinking, and way of designing of residencies, factories, etc, in order to 
stabilize the earths’ climate and lower the human intervention in it. 
Global Warming is directly connected to the effect of climate change and is causing the 
most consequences. The definition of Global Warming is the increase of temperature in 
the atmosphere and the oceans of the planet. It’s mainly caused by the level of human 
activity. The consequences that follow Global Warming are expected to grow if certain 
measures don’t take place. 
The Intergovernmental Panel on Climate Change (IPCC) was created by the World Me-
teorological Organization (WMO) and United Nations Environment in order to evaluate 
the gathered data and supply an impartial source of scientific data on the effect of cli-
mate change. In 2013 the IPCC laid out a clearer picture about the consequences of hu-
man involvement which lead to the effect of climate change when its Fifth Assessment 
Report was published. 
1.1.1 Fifth Assessment Report  
 
According to the report the IPCC contributes with a concise evaluation of sea level rise, 
and the basis behind it, over the previous decades. It also suggests an estimation about 
the increasing GHG emissions since pre-industrial era and also gives a CO2 budget for 
-2- 
following outflows to decrease warming to less than 2°C. The troubling part is that about 
half of this peak amount was emitted by the year 2011. As claimed by the report: 
• Starting in the year 1880 until 2012, the mean temperature of earth is in-
creased by 0.85°C. 
• Due to that growth the oceans have higher temperatures as well, which led to 
the decrease of the quantity of ice in the poles and thus the level of the sea has 
risen. From 1901 to 2010, the global mean ocean level rose by 19 cm. The sea 
ice length in the Poles has diminished in every following decade starting in the 
year 1979, with 1.07 × 106 km² of ice reduction per ten years. 
• Taking into consideration the present focalization and occurring emissions of 
GHG, it is possible that until this century ends, the global average temperature 
will keep on rising aloft the pre-industrial level. The oceans will further warm 
and ice melt will not stop. Mean sea level rise is forecasted to be 24–30 cm by 
the year 2065 and 40–63 cm by the year 2100 in relation to the reference 
measurement period of 1986–2005. Most critical perspectives of the effect of 
climate change will continue for many years, even if the GHG emissions stop. 
Troubling evidence show that crucial milestones, lead to alterations beyond repair in 
vast ecosystems, as well as the global climate system, most probably have been reached 
or worse even, passed. Ecosystems as varied as for example, the Rainforests of Amazon 
and the Arctic tundral, probably will reach the doorstep of important alteration through 
warmth and drought. Mountain glaciers are decreasing in upsetting levels and the 
downstream consequences of diminished water supply in the most dry months will have 
major negative impacts which goes beyond generations. (IPCC, 2013) 
1.1.2 Global Warming of 1.5oC 
 
In October 2018 the IPCC published new a report on the consequences of global warm-
ing of 1.5°C, reaching to the conclusion that in order for global warming to limit to a level 
of 1.5°C requires fast, in depth and exceptional fundamental alterations in all parts of 
modern society. Providing certain benefits to citizens and native ecosystems. Further-
more, the report concluded that decreasing global warming to 1.5°C in comparison to 
2°C could ensure a further sustainable and equitable civilization. 
The report suggests that in order to preserve global warming to 1.5°C, major changes 
must take place many aspects like land, energy and industry sector, buildings, transpor-
tation, and cities in total. Global net emissions of GHG caused by mankind need to 
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decrease by roughly 45 percent from the levels measured in 2010 by the year 2030, 
achieving ‘net zero’ nearly to year 2050. The meaning of these changes is that all residual 
GHG emissions must be evened and in order to achieve that, CO2 must be removed from 
the air. (IPCC, 2018) 
 
1.1.3 Global Initiatives to combat Climate Change 
 
• United Nations Framework Convention on Climate Change 
The UN is at the frontlines of the actions taken to save earth. In the year 1992, “Earth 
Summit” convention assembled the United Nations Framework Convention on Climate 
Change (UNFCCC) taking the first step in combating the effects caused by climate change 
problem.  
• Kyoto Protocol 
By 1995, countries that participate in UN started negotiations to enhance the global ac-
tions towards the effects of climate change, and, embraced the Kyoto Protocol. That 
agreement legally binds the more developed country Parties to reduce the produced 
GHG emissions to certain levels. The Protocol’s first commitment period began in 2008 
and finished in 2012.  
• Paris Agreement 
At the 21st Convention of the Countries of UN which took place in Paris in the year of 
2015, the involved parties agreed to the UNFCCC arrived at milestone agreement to 
counter the effects of climate change and to fasten and amplify the actions and funding 
essential for a sustainable low carbon future. The Paris Agreement was created during 
the Convention and gathers all involved nations into a shared cause to support the am-
bitious actions needed to face the effects of climate change and adjust to modern re-
quirements, with enriched support to help developing countries adapt as well. 
• 2019 Climate Action Summit 
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On 23 September 2019, a Climate Summit brought together key representatives of gov-
ernments, the private sector and civil society in order to reach common ground to assist 
the versatile process and to enlarge and speed up actions towards countering climate 
change. The Summit mainly gave focus on crucial sectors where actions taken can have 
major impacts and have most difference. Sectors like heavy industries, nature-based so-
lutions, metropolitan areas, energy, resilience, and climate finance. The representatives 
of the governments addressed the actions taken so far, and the most important, what 
further measures they purpose to take when they convene in 2020 for the UN climate 
conference, where binding adherence will be replenished and possibly increased.  
 
1.2 Europe’s Role & Green Policies 
 
In order to address the modern challenges that Climate Change causes EU took a series 
of initiatives and set ambitious goals for the reduction of GGE and the sustainability of 
the environment.  
The initiatives were categorized in 3 packages: 
1. The first package was named “2020 package”. It is a series of tethering legislation 
to guarantee that EU member countries reach its climate and energy goals for 
the year 2020. 
2. The second package is “2030 climate and energy framework” and subsumes EU 
major goals and strategy aims for the coming period of 2021 to 2030. 
3. Finally, the third package aims for EU to be climate-neutral by 2050. This mean 
that all economies of the members states in EU must lay upon net-zero GHG 
emissions. This goal is at the center of the European Green Deal and falls in line 
with the EU’s dedication to achieving climate action under the Paris Agreement. 
The first package includes three crucial targets: 
• 20% reduction in GHG emissions (from 1990 levels) 
• 20% of EU energy use to be created from renewable sources 
• 20% enhancement in energy efficiency of all sectors 
The goals were situated by EU figureheads in 2007 and implemented in legislation in 
2009. Furthermore, these goals are key points of the Europe 2020 strategy for overall 
growth that includes sustainability. Also, EU members agreed on implementing 
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tethering domestic goals for enhancing the share of renewable sources in their energy 
consumption by 2020, under the Renewable Energy Directive. The total outcome will 
empower the EU as a whole to reach its first package goals for 2020 and in addition, get 
a 10% share of renewable sources of transportation department. The EU contributes to 
the progress of low carbon technologies using funds from several programs such as the 
NER300 program, the Horizon 2020. (European Commission, 2020) 
The second package crucial targets for the year 2030: 
• A minimal 40% cut GHG emissions (from 1990 levels) 
• A minimal 32% share for renewables 
• A minimal 32.5% enhancement in energy efficiency 
The framework was implemented by the European Council in October 2014. The goals 
for renewable sources and energy efficiency were revamped upwards in 2018, through 
the Recast of the Energy Directive. 
 
The third and most ambitious package key target: 
The adaptation to a climate-neutral community is considered both a critical challenge 
and major opportunity to ensure a better future. All interested parties of society and 
economic departments must have each own contribution. The EU must show dedication 
and strength by investing into sustainable technological solutions, which will empower 
civilians and reaching common ground in important areas for example industrial policy, 
finance and research, meanwhile making sure social fairness exists for a just transition. 
The Commission laid out its vision for a climate-neutral EU, looking at all crucial incisor 
and exploring the possible pathways for the necessary transition. This vision includes 
nearly all EU policies and is aligned with the objectives set under the Paris Agreement 
to limit global temperature rise below 2°C and pursue efforts to keep it to 1.5°C. Fur-
thermore, as part of the European Green Deal, the Commission suggested on 4 March 
2020 the first European Climate Law to safeguard the 2050 climate-neutrality target via 
legislative actions. (European Commission, 2020) 
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1.3 Energy in Residential Buildings  
 
Four EU policies have made major impacts in household energy use: 
• Energy Performance of Buildings Directive (EPBD)  
• Energy Labelling Directive (EU, 2010)  
• Ecodesign Directive (EU, 2009)  
• Energy Efficiency Directive (EU, 2018b) 
The EPBD prerequisites, all new constructions to become nZEB by 2020. The provisions 
of this Directive were upgraded and modernized in the latest recast, which encourages 
the implementation of smart systems in buildings and overall aid in the further enhance-
ment of the building’s energy performance. The Energy Efficiency Directive sets certain 
energy efficiency goals for lessen consumption and, at the same time, promotes the re-
furbishment of the existing constructions. The provisions of the Directive were rein-
forced aiming to achieve higher energy efficiencies. To do so improved metering and 
billing of consumption for heating and cooling was suggested. The Energy Labelling Di-
rective targets to embolden producers and consumers to choose appliances with higher 
energy efficiency, while the Ecodesign Directive define the bare minimum standards for 
a majority of appliances and other products. (EU, 2018a) 
 
Picture 1.1: Energy Consumption in EU Households 
Source: Eurostat, 2018 
The figure that will be presented bellow demonstrates that the final energy consump-
tion of households in the EU member states has decreased by 8 % over the decade 
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2005–2016. The major share in the energy used in households is hold by Space heating 
and it considers about almost two thirds of total energy used. A crucial reason for that 
increased consumption in this figure for the years 2005, 2010 and 2013, for instance, 
was that these years had significantly cold winters. Likewise, the low consumption for 
the years 2007, 2011, 2014 and 2015, was due to mild winters. During measured time 
frame, energy efficiency enhancements in space heating and space cooling and in addi-
tion with the use of electrical appliances with higher efficiencies, as well as with behav-
ioral alterations in habits caused by the relatively high prices of the energy means com-
bined with the 2008 economic crisis chipped in the reduction in total energy consump-
tion in the residential sector. Meanwhile, additions in the figures of electric appliances, 
increasing the mean size and number of dwellings offset the mentioned enhancements. 
(Eurostat, 2019) 
 
Graph 1.2.: Final Energy Consumption in EU Households 
Source: Eurostat 
On February 2015, the European Commission implemented a key strategy for a durable 
energy union with a fore looking climate change approach (EC, 2015). This strategical 
roadmap sets the foundations to ensure a fair transcendence to a low-carbon, safe and 
antagonistic energy system among the union. The strategy provoked, along with several 
other parts, and as suggested earlier in this part, the amplification in 2018 of the direc-
tives on energy performance of buildings and on energy efficiency. Although, these 
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strategies mainly have 2030 or longer-period purpose and it is not highly possible that 
the application of certain actions will start before 2020. 
With all that, it is rather vague if the consumption of residences will decrease in the next 
period. Mainly, due to energy efficiency improvements it may be near to the consump-
tion of 2015 and 2016 but this will not be enough to even the increases of energy con-
sumption in the residential sector which is driven by lifestyle- or weather-related alter-
ations. Energy use in residences accounts for 25% of all energy consumed in the union. 
This is why, decreasing the energy consumption of the households is mandatory if EU is 
to reach the low-carbon growth visualized in the Commission’s endgame strategy. 
The enhanced directives that were implemented in 2018, and more broadly the Energy 
Union procedure, should cause higher decline in the total energy consumed by resi-
dences. This comprises an energy efficiency target of a bare minimum 32.5 % for the EU 
as an entity by the year 2030. It also contains the Heating and Cooling Strategy (EC, 2016) 
that will be able to assist in the reduction of the energy consumption of residences and 
their effect on the natural environment by forwarding the augmented use of district 
heating and more optimum implementation of renewables. 
Looking long-term, the environmental effects caused by residential sector will depend 
not only on the strengthen of the policy actions and targets that have been suggested, 
but also on resident’s habits and options. All mentioned above would, among other 
things, hinge on if there is more potential for aiming sustainable denouncements would 
keep on being widely available to civilians, investors and local authorities. For instance, 
reducing energy consumption in existing buildings appears a vital provocation as the 
subversion of existing construction is extremely slow. In Greece certain initiatives were 
implemented in that direction (Exoikonomo Kat’ Oikon – Energy Save in Primary House-
hold), but due to lack of correct central policy design and efficient fund separation 
among the country, the program did not achieve its goals. Evolution can be managed 
by ensuring the better use of climate finance and revenues created by energy taxation, 
for example, to assist and finance large-scale refurbishment and governments, and by 
supporting the evolvement in consumer behavior via developing fuselage conditions 
that allows the citizen to take place in the energy market. (Eurostat, 2019) 
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1.4 Retrofitting towards lower energy consumption: Com-
mon Practices 
 
Increasing energy efficiency is a crucial factor for many aspects of environmental, social 
and economic growth, and also it is the leading driver for the depletion of climate 
changes. An important decrease in energy consumption, in fact, appears to be the opti-
mum solution to combat the present energy shortage that exists worldwide and support 
sustainability in long-term. It’s getting more and more clear that the construction sector 
has high energy concentrations and has a leading role in energy reduction and sustain-
ability. As studies showed, the existing building stock of the globe is accountable for 
nearly 50% of the global total energy consumption and 33% of GHG emissions. Further-
more, it’s crucial to highlight that the vast majority of energy consumption is mainly 
consumed by existing stocks rather than newly constructed buildings. The renovation 
rates of existing building stock are significantly low, and the transition is rather expen-
sive. As a result, the majority of the decrease in the energy consumption of buildings 
must be succeeded through large scale refurbishment of existing stocks. Energy im-
provements in building portfolios should follow a certain strategy, and productive meth-
odologies must be created in order to assist and guide the asset holders in both private 
and public manage their stock. (Ruggeri et al., 2020) 
 
Refurbishment actions in buildings could be achieved through a number of alternate 
approaches. Number one targets the supply side, number two the demand side, while 
number three raises the issue of implement different energy consumption patterns as 
showed in shape 1.3. In the first approach the refurbishment actions implement the use 
of renewables like solar thermal, photovoltaic, wind power, biomass or geothermal en-
ergy. A variety of scientific articles reach the same conclusion stating the high impact 
and significance of adding renewable energy sources in all type of buildings, suggesting 
certain programs, certain methods and strategies. In many case studies regarding the 
demand side the vastly used energy reduction action, is implementing new technologies 
in the building’s HVAC Systems, upgrading thermal storage or heat recovery systems, or 
through the use of passive technologies such as shading systems, increasing natural 
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ventilation and achieving optimum site planning. Finally, the demanded energy of the 
construction could also be decreased just by making alternations in the consumption 
patterns. This contains human factors, meaning, how tenants decide to set their internal 
comfort criteria, in addition to their lifestyle including meaning occupancy profiles, cer-
tain schedule, type of space use, intelligent control energy system, zonal heating or in-
ternal temperature. (Ruggeri et al., 2020) 
 
Shape 1.3: Building retrofit actions classification (Ruggeri et al., 2020) 
 
In order to proceed into refurbishment of existing building stock some interventions are 
appearing often in the reviewed literature. So, in order to upgrade the energy efficiency 
in existing stocks usually interventions focus on: 
• Roof or wall thermal insulation 
• Multi-glazed low-emissivity windows 
• High-performance heat recovery in ventilation systems 
• Automated climate control devices  
• Implementation of renewable energy systems such as photovoltaic panels 
Most case studies organize the energy refurbishment interventions in different scenar-
ios in order to allow the comparison of the different results. Main purpose is to investi-
gate several approaches and the identify the one with the greater impact both in terms 
of energy efficiency and in cost-benefit analysis. (Ruggeri et al., 2020) 
 
In a recent study, a catalogue of eight interventions regarding energy efficiency was sug-
gested, compiling a large set of options which led to 2,203,200 potential intervention 
scenarios. The suggested refurbishment actions examined included additions in the 
building envelope, adding thermal insulation, replacement of the openings, upgrades in 
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electric equipment, lighting fixture alterations, and HVAC system upgrade. (Luddeni et 
al., 2018) 
 
In another study published in “Energy and Buildings” journal, an inventory of different 
measures in terms of design included various materials of thermal insulation (inter-
nal/external EPS or rockwool), upgrades regarding the openings, replacement of the ex-
isting condensing boiler, and the implementation of renewables. (Guardigli, et al., 2018) 
 
Yet in another study, the authors proposed a variety of refurbishment measures regard-
ing the energy consumption founded upon the constructions’ details, specifically, ther-
mal insulation in polyurethane, replacement of existing openings with energy-efficient 
ones (PVC frames and multi glazed glass), and HVAC system substitution. (Ascione et al., 
2017) 
 
Continuing, a study suggested eight retrofit actions that were inducted, regarding the 
renovation of heating/cooling system and implementing passive strategies (blinds or 
natural ventilation heat recovery systems), changes in the lighting and inserting the 
practice of solar energy. (Simion et al., 2018) 
 
Lastly a recent study which was carried out in Greece, many combinations of interven-
tions again suggested as possible design scenarios, including the addition of thermal in-
sulation, openings replacement, addition of shading systems, regarding the replacement 
heating/cooling/domestic hot water installation, the use PV panels, installing solar heat-
ing, and automation systems.  (Pallis, et al., 2019) 
 
Concluding, the common practice among the literature in order to achieve a high energy 
efficacy result in retrofitting residential buildings consists of measurements, modeling 
and formulation different scenarios to test the various theories. 
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2 Energy Analysis Of Current State 
2.1 Location 
 
The building is located in the Island of Skiathos, Magnesia, Thessaly, Greece. 
 
Picture 2.1.: Skiathos Island 




Picture 2.2.: Location of the Plot 
 
The plot is located 1km approximately of Skiathos Town, in the foot of Karaflitzanaka 
Mountain 150m above sea level. There is a water stream next to the plot, which leads 
to higher temperature drops from day to night and also increasing the moisture.  
2.2 Skiathos Climate 
 
As an island located in the Aegean Sea, the climate is Mild, in general warm and temper-
ate. Reviewing climate data rainfall is more in winter than in summer. According to Kö-
ppen-Geiger, this climate is classified as Csa. (Borntraeger, 2006) 
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Graph 2.3.: Skiathos Climate Graph 
Source: Climate-Data.org 
 







2.3 Selected Building Floor Plan 
 
The selected building was originally built in 1997. At that time in Greece it wasn’t oblig-
atory to submit Energy Consumption and Interventions study in order to ger the neces-
sary construction permit. 
Building Typology: 
• Area of Building: 155.55 m2 
• Building consists of 4 bedrooms, 3 bathrooms, hall area, living room, kitchen, 
warehouse. 
• The skeleton of the building is made from reinforced concrete, with no thermal 
insulation in either side. 
• The walls are made from 2 series of bricks, with minimal thermal insulation in 
between. 
• The roof of the building is made from wood covered by ceramic roof tiles. 
Building’s HVAC: 
• Heating: 
Heating is mainly achieved through energy fireplace. The fireplace is connected to a 
boiler which circulates hot water in the tubes which end up in fancoils. 
In assistance there is an oil-fired boiler as well. 
• Cooling: 
Cooling is achieved through split-type Air condition units. There is an A/C in Bedroom 1, 
in Bedroom 2 and also in Bedroom 3. In the hall area there is another A/C unit to cool 
the larger area and bedroom 4. Living room and kitchen do not have cooling units. 
• DHW: 
Hot water is produced through solar heaters, as well as the fireplace and the oil-fired 
boiler.  
• Lighting: 
Old type of lamps is used in all lighting devices of the building 
Outdoor Pool: 
There is also an outdoor pool of 38.35 m2 with additional 9.25 m2 water tank and me-
chanical equipment room. 
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2.4 Legislative Framework of the Study 
 
As mentioned earlier, the EU issued the Energy Performance of buildings directive 
(EPBD) which all countries - members had the obligation to implement in their legisla-
tion. In Greece the implementation of EPBD was made through the legislation of KENAK. 
The Greek parliament voted for the law 3661/2008 “Actions for the reduction of the 
energy consumption of buildings and further provisions” implementing the 2002/91/EP. 
Furthermore, the revised EPBD as suggested in the directive 2010/31/EU, was imple-
mented in the Greek legislation through the law 4122/2013. Until this day, all new build-
ings and the retrofits for the reduction of energy consumption in Greece implement the 
directives of that law. The Greek government has not yet implemented the recast of 
EPBD of 2018. 
In order for the engineers to apply the legislation into design and construction, the Tech-
nical Chamber of Greece (TCG) issued the technical directive TOTEE as revised according 
to the 4122/2013 law and is valid today. The directive is TOTEE 20701-1/2017. 
KENAK using the method of the reference building and the energy clusters. 
According to article 5 of KENAK, for the calculations of the energy efficiency and the 
energy classification of the buildings, the method of semi-stable state of the monthly 
step of the European standard ELOT EN ISO 13790 as well as of the rest should be ap-
plied. Supporting standards set out in Annex 1 to that Regulation. 
 
• Design of the building 
According to the KENAK the design of the building should take into consideration the 
following: 
1. The placement of the building and its orientation on the plot 
2. The internal design regarding the use of each space of the building 
3. The proper placement of the openings in order to achieve sufficient lighting and 
ventilation as well as shading 
4. The instalment of at least one passive system 
5. The configuration of the plot in order to improve the microclimate of the area 
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As this study is focusing on an existing building, little can be done regarding the design 
of the building. Certain changes will be made in the following scenarios in order to 
achieve maximum energy efficiency. (TOTEE, 2017) 
 
• Shading of the building 
Pergolas were already installed as a means of sun protection of the openings. In combi-
nation with the mobile sun protection, which is not taken into account when calculating 
the energy consumption of the building, they are considered to offer adequate protec-
tion. More specifically, the shading offered in the building is shown in detail for each 
opening, for the 21st of December and the 21st of June in the shading plans of the open-
ings. For the eastern openings the cracking is given at 09:00, for the southern ones at 
12:00 and for the western ones at 15:00. All designs are given the solar azimuth for the 
same days and hours. The shading coefficients of the openings are shown in the at-
tached drawings. (TOTEE, 2017) 
 
• Natural Lighting 
According to KENAK, natural lighting must exist in all areas of the building. In the se-
lected building the openings exist in all separate areas of the house, providing sufficient 
natural lighting to all areas. (TOTEE, 2017) 
 
• Natural Ventilation 
According to KENAK natural ventilation must exist in all areas of the building. In the se-
lected building the openings exist in all separate areas of the house, providing sufficient 
natural ventilation to all areas. (TOTEE, 2017) 
 
• Passive Solar Systems 
According to KENAK at least one passive solar system must be installed to the building. 
In this existing building there are solar panels of total 4m2 providing hot water to the 
residence. (TOTEE, 2017) 
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• Configurating Outer Area in order to improve the area’s microclimate 
According to KENAK the outer area must be configurated in order to improve the micro-
climate of the area. In the selected building, the plot is located within the mountains of 
Skiathos, large planted area surrounds the residence with a lot of interventions made in 
order to improve the microclimate, such us planting trees etc. 
 
Skiathos according to the legislation is categorized in Climate Zone B. 
For the calculation of the energy efficiency of each part of the building with different 
main use, the data of the various parameters and technical quantities are determined 
as defined in article 5 of K.E.N.A.K. and in the relevant Τ.Ο.Τ.Ε.Ε. 20701-1 / 2017. During 
the application of the calculation methodology in the specific building and per study 
section, the following parameters and data were taken into account: 
• The use of the building, Residential Building, 
• The desired conditions of indoor environment (temperature, humidity, ventila-
tion, etc.) and the operating characteristics of the building (opening hours, in-
ternal profits, etc.). 
• The climatic data of the area of the building (temperature, relative and abso-
lute humidity, solar radiation). 
• The geometric characteristics of the structural elements of the building shell 
(shape and form of the building, transparent and non-transparent surfaces, 
awnings, etc.), their orientation, the characteristics of the internal structural el-
ements (eg internal walls) and others. 
• The thermal characteristics of the structural (transparent and non-transparent) 
elements of the building shell, such as: thermal permeability, thermal mass, ab-
sorption in solar radiation, permeability in solar radiation, etc. 
• The technical characteristics of the space heating installation, such as: the type 
of thermal energy production unit, their efficiency, the losses in the hot water 
distribution network, the type of terminal units, etc. 
• The technical characteristics of the refrigeration / air conditioning installation, 
such as: the type of refrigeration units, their efficiency, the losses in the distri-
bution network, the type of terminals, etc. 
• The technical characteristics of the DHW production plant, such as: the type of 
domestic hot water production unit, its efficiency, the losses of the domestic 
hot water distribution network, the storage system, etc. 
• The technical characteristics of the lighting installation regarding the premises 
of the stores. 
• The passive solar systems selected from the design study for the building. 
• The installation of solar panels to cover part of the load for DHW. 
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Operating Hours 18 
Operating Days 7 
Operating Months 12 
Heating Period 1/11 until 15/4 
Cooling Period 15/5 until 15/9 
Mean Internal Heating Temperature (°C) 20 
Mean Internal Cooling Temperature (°C) 26 
Mean Internal Relative Humidity during Winter 
Time (%) 
40 
Mean Internal Relative Humidity during Summer 
Time (%) 
45 
Fresh Air Requirement (m3/h/m²) 0.75 
Lighting Level (lux) 200 
Lighting Power per Unit Area for Reference 
Building  (W/m²) 
6.4 
Annual Hot Water Consumption (m3/m²έτος) 1.93 
Average Desired Hot Water Temperature (°C) 45 
Average Annual Temperature of the Water of 
the Supply Network (°C) 
17.6 
Temperature Released by Users per unit area of 
the thermal zone (W/m²) 
4.0 
Average User Presence Rate 0.75 
Temperature released by devices per unit area 
of the thermal zone (W/m²) 
8.40 
Average Operating Factor of Devices 0.75 




Maximum Allowed U Value per Climate Zone  
[W/(m2·Κ)] 
 Zone Α' Zone Β' Zone C' Zone D' 
Outer Horizontal or Inclined area in contact with outer air (Roof) 0,50 0,45 0,40 0,35 
Outer Wall in contact with outer air 0,60 0,50 0,45 0,40 
Floor in contact with outer air  0,50 0,45 0,40 0,35 
Outer Horizontal or Inclined area in contact with Unheated Space 1,20 0,90 0,75 0,70 
Wall in contact with Unheated Space 1,50 1,00 0,80 0,70 
Floor in contact with Unheated Space 1,20 0,90 0,75 0,70 
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Outer Horizontal or Inclined Roof in contact with the Ground 1,20 0,90 0,75 0,70 
Wall in contact with the Ground 1,50 1,00 0,80 0,70 
Floor in contact with the Ground 1,20 0,90 0,75 0,70 
Window in contact with outer air 3,20 3,00 2,80 2,60 
Window without Glass in contact with outer air 3,20 3,00 2,80 2,60 
Glass Building’s Façade not or partially openable in contact with 
outer air 
2,20 2,00 1,80 1,80 
Window in contact with Unheated Space 5,70 5,20 4,80 4,40 
Window without Glass in contact with Unheated Space 5,70 5,20 4,80 4,40 
Glass Building’s Façade not or partially openable in contact with Un-
heated Space 
4,00 3,60 3,10 2,90 
Table 2.6:  Maximum U Values per Climate Zone for Construction Elements according to the 
Technical Directive (TOTEE, 2017) 
 
A/V Maximum Permissible Mean U Value  Um [W/(m2·Κ)] 
[ m–1] Zone Α' Zone Β' Zone C' Zone D' 
≤ 0,2 1,26 1,14 1,05 0,96 
0,3 1,20 1,09 1,00 0,92 
0,4 1,15 1,03 0,95 0,87 
0,5 1,09 0,98 0,90 0,83 
0,6 1,03 0,93 0,86 0,78 
0,7 0,98 0,88 0,81 0,73 
0,8 0,92 0,83 0,76 0,69 
0,9 0,86 0,78 0,71 0,64 
≥ 1,0 0,81 0,73 0,66 0,60 
Table 2.7:  Maximum allowable values of the average U Value of a radically renovated  
building per climate zone depending on the ratio of the surrounding area of the building to its  
volume (TOTEE, 2017) 
 
The calculation of the U Values for the Construction elements and also the calculation 
for the Mean Um Value of the Building will be according to the technical Directive. 
The calculation formula for the opaque construction elements of the building is: 
 
Equation 2.8 (TOTEE, 2017) 
 
dj [m] thickness of homogenous and isotope layer of construction element j, 
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λj [W/m*K] coefficient of thermal conductivity of homogenous and isotope layer 
of construction element j, 
Ri and Ra [m2*K/W] thermal transfer resistors on both sides of the construction 
element 
Rair [m2*K/W] closed air gap thermal resistance  
Accordingly, the U Value for a Transparent Construction Element Uw is calculated as: 
 
Equation 2.9 (TOTEE, 2017) 
Uf [W/m2*K] Heat Transfer coefficient of the frame, 
Ug [W/m2*K] Heat Transfer coefficient of the window glass, 
Αf [m2] area of the frame, 
Αg [m2] area of window’s glass, 
Lg [m] length of the thermal bridge of the window pane  
Ψg [W/m*K] linear heat transfer coefficient of the window glass.  
In any case both for opaque and transparent construction elements the following rela-
tion must apply:  
U≤Uδ.σ,max   
U [W/m2*K] the coefficient of thermal permeability of a structural element as cal-
culated on the basis of the relations mentioned above  
Uδ.σ,max the maximum value given from the Table 2.6 
If all structural elements meet the requirements of the table 2.6, the building as a whole 
is required to have a minimum degree of thermal protection. The calculation of the av-
erage thermal conductivity of the building is given by the relation: 
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Equation 2.10 (TOTEE, 2017) 
Αj [m2] area of structural element j 
Uj [W/m2*K] heat permeability coefficient of the structural element j, 
Ψi [W/m*K] linear heat transfer coefficient of thermal bridge i, 
li [m] length of thermal bridge i  
b reduction factor 
In any case the following relation applies: 
Um≤Um,max  
Um,max   maximum permissible coefficient of thermal permeability of the building 
according to the table 2.6 
2.5 Calculations of the Current State energy  
efficiency  
2.5.1 Calculations of the U Values of Current State’s Envelope   
 
In Following the floor plans of the selected residence will be presented. In each floor 
plan the different structural elements of the residence will be indicated according to the 
orientation of the residence. 
For better understanding of the floor plan the following abbreviations will be shown: 
WD - Window 
DR - Door 
WL - Wall 
S - South 
N - North 
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W - West 
E- East  
 
In order to perform the energy analysis, U Values must be calculated for Opaque and 
Transparent Structural Elements. Each structural element has different layers of mate-
rials as it will be presented in shapes 2.13, 2.14 and 2.15 which shows the cross sections 
for the different opaque structural materials. 
Continuing, in tables 2.16, 2.17 and 2.18 the Calculations of U Values for each structural 
element will be presented and following 2.19 table will summarize all U Values for each 
separate Opaque Structural Element. 
Also, U values must be calculated for transparent structural elements as it shows in ta-
bles 2.20 and 2.21. Finally, in the table 2.22 all summarized data from the calculated 
structural elements and its thermal bridges will be presented. 
All calculations performed in the analysis program of 4M KENAK using tables 2.5, 2.6 and 
2.7 and also the equations 2.8, 2.9 and 2.10 as suggested in the technical directive TOTEE 
20701-1/2017. 
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 Climate Zone 
B 
Cross Section 
Inside   Outside 
Shape 2.13: Section of Structural Element Outer Walls 






Shape 2.14: Section of Structural Element Roof in Contact with Air 






Shape 2.15: Section of Structural Element Floor in contact with the Ground 
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1A. Calculation of the Thermal Resistance (R) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Coating 1900 0.020 0.872 0.023 
2 Wall 1200 0.090 0.523 0.172 
3 Insulation  0.05 0.041 1.220 
4 Wall 1200 0.090 0.523 0.172 
5 Coating 1900 0.020 0.872 0.023 
   Σd=0.270  R=1.610 
1B. Thermal Transmission Resistances 
Thermal Transmission Resistances Ri (inner) Ra (outer) 
Outer Walls and Windows in contact with outer air 0.130 0.040 
Wall in contact with Unheated Space 0.130 0.130 
Wall in contact with the Ground 0.130 0.000 
Roof (ascending heat flow) 0.100 0.040 
Roof in contact with Unheated Space 0.100 0.100 
Floor above Pilotis 0.170 0.040 
Floor above Unheated Space (descending flow) 0.170 0.170 
Floor in contact with the Ground 0.170 0.000 
1C. Sum up of heat resistances 
1 Thermal Transmission Resistance (inner) Ri (m²K)/W 0.13 
2 Heat Refractory Resistance RΛ (m²K)/W 1.610 
3 Thermal Transmission Resistance (outer) Ra (m²K)/W 0.04 
4 Thermal Permeability Resistance Rtotal (m²K)/W 1.780 
1D. U-value calculation 
U Value U W/(m²K) 0.562 
Max Permissible U Value Umax W/(m²K) 0.50 
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2A. Calculation of the Thermal Resistance (R) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Wood  900 0.018 0.209 0.086 
2 Asphalt Cloth 1100 0.010 0.186 0.054 
3 Glass Wool 65 0.04 0.027 1.481 
4 Air  0.075 0.360 0.208 
5 Roof Ceramic Tiles 1200 0.040 0.581 0.069 
   Σd=0.183  RΛ=1.899 
2B. Thermal Transmission Resistances 
Thermal Transmission Resistances Ri (inner) Ra (outer) 
Outer Walls and Windows in contact with outer air 0.130 0.040 
Wall in contact with Unheated Space 0.130 0.130 
Wall in contact with the Ground 0.130 0.000 
Roof (ascending heat flow) 0.100 0.040 
Roof in contact with Unheated Space 0.100 0.100 
Floor above Pilotis 0.170 0.040 
Floor above Unheated Space (descending flow) 0.170 0.170 
Floor in contact with the Ground 0.170 0.000 
2C. Sum up of heat resistances 
1 Thermal Transmission Resistance (inner) Ri (m²K)/W 0.10 
2 Heat Refractory Resistance RΛ (m²K)/W 1.899 
3 Thermal Transmission Resistance (outer) Ra (m²K)/W 0.04 
4 Thermal Permeability Resistance Rtotal (m²K)/W 2.039 
2D. U-value calculation 
U Value U W/(m²K) 0.491 
Max Permissible U Value Umax W/(m²K) 0.45 









3A. Calculation of the Thermal Resistance (R) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Tiles 2100 0.025 1.500 0.017 
2 Plaster 1800 0.020 0.870 0.023 
3 Lightweight Concretr 500 0.050 0.200 0.250 
4 Reinforced Concrete 2400 0.200 2.500 0.080 
   Σd=0.295  RΛ=0.370 
3B. Thermal Transmission Resistances 
Thermal Transmission Resistances Ri (inner) Ra (outer) 
Outer Walls and Windows in contact with outer air 0.130 0.040 
Wall in contact with Unheated Space 0.130 0.130 
Wall in contact with the Ground 0.130 0.000 
Roof (ascending heat flow) 0.100 0.040 
Roof in contact with Unheated Space 0.100 0.100 
Floor above Pilotis 0.170 0.040 
Floor above Unheated Space (descending flow) 0.170 0.170 
Floor in contact with the Ground 0.170 0.000 
3C. Sum up of heat resistances 
1 Thermal Transmission Resistance (inner) Ri (m²K)/W 0.17 
2 Heat Refractory Resistance RΛ (m²K)/W 0.370 
3 Thermal Transmission Resistance (outer) Ra (m²K)/W 0.00 
4 Thermal Permeability Resistance Rολ (m²K)/W 0.540 
3D. U-value calculation 
U Value U W/(m²K) 1.853 
Max Permissible U Value Umax W/(m²K) 0.90 
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Type Element γ1 U [W/(m²K)] A [m²] α2 ε3 
Wall WL-N1 185 0.562 6.45 0.40 0.80 
Wall WL-N2 5 0.562 24.99 0.40 0.80 
Wall WL-N3 184 0.562 19.94 0.40 0.80 
Wall WL-E1 275 0.562 1.71 0.40 0.80 
Wall WL-E2 3 0.562 21.13 0.40 0.80 
Wall WL-E3 96 0.562 7.35 0.40 0.80 
Wall WL-S1 5 0.562 6.60 0.40 0.80 
Wall WL-S2 184 0.562 12.76 0.40 0.80 
Wall WL-S3 185 0.562 8.91 0.40 0.80 
Wall WL-S4 94 0.562 20.94 0.40 0.80 
Wall WL-W1 275 0.562 4.05 0.40 0.80 
Wall WL-W2 275 0.562 18.12 0.40 0.80 
Wall WL-W3 95 0.562 2.40 0.40 0.80 
Wall WL-W4 275 0.562 7.35 0.40 0.80 
Ground Floor  - 1.853 155.50 0.00 0.00 
Roof  Ο 0.691 155.50 0.65 0.80 
Table 2.19: Summarized U Value for the Opaque Elements of the Residence 
 
 
4. Structural Element : Windows  
Type of Windows: PVC 
Uf of the Frame: 2.8 W/m2K 
Type of Glass: Double Glazed with 12mm air gap  
Ug of the Glass: 3.5 W/m2K 
g of the glass horizontal.: 0.75 
g of the glass: 0.68 
linear joint thermal permeability of frame and glass Ψg: 0.06 W/mK 








Window Frame Characteristics 
Window Opening Width [m] Opening Height [m] Number of frames Window Area [m2] 
WD-S4 1.96 2.30 4 4.51 
WD-S1 1.70 2.20 3 3.74 
WD-W1 1.13 2.20 2 2.49 
WD-N1 1.20 1.25 2 1.50 
WD-N2 1.28 1.45 2 1.86 
WD-E2 1.30 1.40 2 1.82 
WD-E3 1.05 1.00 2 1.05 
WD-S3 0.52 0.55 1 0.29 
WD-N4 0.52 0.80 1 0.42 
Window Glass Characteristics 
Window Frame Area [m2] Glass Area [m2] Frame Percentage Length Lg [m] U Value [W/(m2K)] gw 
WD-S4 1.58 2.92 35% 19.92 3.519 0.44 
WD-S1 1.18 2.56 31% 14.80 3.517 0.47 
WD-W1 0.78 1.70 32% 9.860 3.517 0.47 
WD-N1 0.51 0.99 34% 6.200 3.510 0.45 
WD-N2 0.58 1.27 31% 7.160 3.512 0.47 
WD-E2 0.57 1.25 31% 7.000 3.512 0.47 
WD-E3 0.41 0.64 39% 4.900 3.505 0.41 
WD-S3 0.14 0.15 48% 1.540 3.485 0.35 
WD-N4 0.18 0.24 42% 2.040 3.499 0.39 
Calculation of Transparent Elements U Value 
Window Width [m] Height [m] Area [m2] U [W/(m2K)] UxA [W/K] gw 
WD-N1 1.20 1.25 1.50 3.510 5.27 0.45 
WD-N2 1.28 1.45 1.86 3.512 6.52 0.47 
WD-W1 1.13 2.20 2.49 3.517 8.74 0.47 
WD-S1 1.70 2.20 3.74 3.517 13.15 0.47 
WD-S3 0.52 0.55 0.29 3.485 1.00 0.35 
WD-S4 1.96 2.30 4.51 3.519 15.86 0.44 
WD-E2 1.30 1.40 1.82 3.512 6.39 0.47 
WD-E3 1.05 1.00 1.05 3.505 3.68 0.41 
WD-N4 0.52 0.80 0.42 3.499 1.46 0.39 
Table 2.20: Summarized U Value for the Transparent Elements of the Residence 
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In table 2.20 are presented in detail the characteristics of the frames that will be used 
in the building under study on a case-by-case basis. 
The solar gain factor "g" in vertical inclination of the panes is declared by the manufac-
turer and is shown in the detailed calculations given. 
For each window, the Fhor horizon shading coefficient, the Fov canopy shading coeffi-
cient and the Ffin lateral shading coefficient were calculated as well according to the 
technical directive. 
Table 2.21 gives the data required for the calculations for the southern exposures (direct 
profit) and in table 2.22 for all the rest. 
 
















S1 184 3.74 3.517 0.47 1.00 1.00 0.62 0.46 1.00 1.00 
S3 185 0.29 3.485 0.35 1.00 1.00 0.42 0.36 0.69 0.77 
S4 184 4.51 3.519 0.44 1.00 1.00 0.62 0.46 1.00 1.00 
Table 2.21:  Data for Direct Profit Windows according to the Technical Directive (TOTEE, 2017) 
 
















N1 5 1.50 3.510 0.45 1.00 1.00 1.00 1.00 1.00 1.00 
N2 5 1.86 3.512 0.47 1.00 1.00 1.00 1.00 1.00 1.00 
W1 275 2.49 3.517 0.47 1.00 1.00 1.00 1.00 0.64 0.86 
E2 94 1.82 3.512 0.47 1.00 1.00 0.46 0.40 1.00 1.00 
E3 94 1.05 3.505 0.41 1.00 1.00 0.40 0.35 1.00 1.00 
N4 3 0.42 3.499 0.39 1.00 1.00 0.50 0.54 1.00 0.93 
Table 2.22:  Data for Windows according to the Technical Directive (TOTEE, 2017) 
 
 ΣΑ [m2] Σ[b*UxΑ] [W/K] ή Σ[b*Ψ*l] 
[W/K] 










Sum 499.7 445.5 
[Σ(b*U*A)+Σ(b*Ψ*l)]/ΣA 0.891 
Table 2.23: Summarized Data 
In order to check the thermal insulation adequacy of the building, it is necessary to cal-
culate the ratio of the external surrounding surface of the heated parts of the building 
to their volume. The Calculation Issue gives in detail how to calculate the A / V ratio. 
As it turned out A / V = 1,071 m-1 which from table 2.7 corresponds to maximum allow-
able Um, max = 0.730 W / (m²K). Table 2.23 summarizes the building blocks, the sums 
of U*A, and the sums of Ψ*l. As it turns out, the average heat transfer coefficient of the 
building is equal to: 
Um=0.891 W/m2K > Um,max=0.730 W/m2K 
Therefore the building is not sufficiently thermally insulated. 
 
After completing the modeling of the Current State in GCAD and calculating U Value of 
the envelope using 4M KENAK software in table 2.24 are presented the Required heating 
and cooling loads per month according to the technical directive. 
 
Required Heating and Cooling Loads (kWh/m²) 
 
Months JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 19.80 15.30 11.30 1.60 0.00 0.00 0.00 0.00 0.00 0.00 8.30 17.20 73.50 
Cooling 0.00 0.00 0.00 0.00 0.90 8.00 13.10 11.30 1.40 0.00 0.00 0.00 34.70 
DHW 2.40 2.20 2.30 2.00 1.80 1.50 1.30 1.30 1.40 1.80 2.00 2.30 22.30 
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2.5.2 Calculations of Current State’s HVAC   
In current state the operating heating system is an Oil-Fired boiler as mentioned earlier. 
The nominal prices for power, ngen etc, were taken from the inspection sheet of a certi-
fied engineer who inspected the system on site and measured its efficiency through the 
production of exhaust fumes. The relevant inspection sheet will be added in appendix. 
The terminal units of the heating system are shown in picture 2.27 as follows. 
• Operating Heating System: 






Oversizing Factor ng1: 1.000 
 
Insulation Factor ng2: 1.000 
 
Actual Efficiency ngm: 0.704 
 
Monthly coverage rate of thermal load of the thermal zone by the system (%) 
 
JAN 1 FEB 1 MAR 1 APR 1 MAY 0 JUN 0 
JUL 0 AUG 0 SEPT 0 OCT 0 NOV 1 DEC 1 
Heat distribution network: Insulation equal to the radius of the pipe 
 
Thermal power transferred by the distribution network (kW): 70.000 
 
Delivery temperature of hot medium in the distribution network (°C): 90.00 
 
Thermal Efficiency of the Distribution Network: 95.5% 
 
Terminal Units: Fancoils 
 
Thermal Efficiency of Terminal Units: 0.89 Τ.Ο.Τ.Ε.Ε. 20701-1/2017, table 4.12 
 
Table 2.25:  Technical Characteristics of Heating System 
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In current state the operating cooling system is Split Type Air Conditioning units posi-
tioned as shown in picture 2.27. The cooling system is more than 10 year old and due to 
inveteracy the sheets attached to the units where the efficiencies appear are nonexist-
ent. Thus, according to the technical directive for this certain type of cooling system 
static nominal values are selected. (TOTEE, 2017) 
• Operating Cooling System: 






Monthly coverage rate of cooling load of the thermal zone by the system (%) 
 
JAN 0 FEB 0 MAR 0 APR 0 MAY 0.5 JUN 0.5 
JUL 0.5 AUG 0.5 SEPT 0.5 OCT 0 NOV 0 DOC 0 
Cooling distribution network: Insulation equal to the radius of the pipe 
 
Cooling power transferred by the distribution network (kW): 11.430 
 
Cooling Efficiency of the Distribution Network: 98.5% 
 
Terminal Units: Air 
 
Type of Cooling Terminal Units: Local Heat Pumps 
 
Cooling Efficiency of Terminal Units: 0.96 Τ.Ο.Τ.Ε.Ε. 20701-1/2017, table 4.14 
 
Table 2.26:  Technical Characteristics of Cooling System 
 
In tables 2.25 and 2.26 the current state’s operating heating and cooling systems are 
presented. Nominal efficiencies for terminal units and distribution network as well as 
the monthly coverage of the loads are calculated according to the technical directive 
TOTEE 20701-1/2017.  
 





Type of Solar Panel Thermosyphon 
Solar Panel Use DHW 
Degree of Solar Utilization for DHW (%):  33 
Solar Panel Area (m²):  4.0 
Solar Panel Inclination (°):  45 
Solar Panel Orientation (°):  180 
Shading Factor F-s:  1.00 
Table 2.28: Residence’s Solar Panels 
After inserting the data for the existing heating and cooling operating system and lastly 
the existing solar panels, using the 4M KENAK software in tables 2.28 are presented the 
Final Energy Consumption per Final Use for every month. 
Final Energy Consumption Per Final Use (kWh/m²) 
 
Months JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 36.40 28.30 21.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 15.50 31.70 135.90 
Solar Power for heating 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cooling 0.00 0.00 0.00 0.00 0.20 1.90 3.00 2.60 0.30 0.00 0.00 0.00 8.00 
DHW 1.90 1.60 1.50 1.00 0.60 0.10 0.00 0.00 0.20 0.90 1.40 1.80 11.00 
Solar Power for DHW 0.90 0.90 1.10 1.30 1.40 1.50 1.60 1.60 1.40 1.10 0.90 0.80 14.50 
SUM 38.30 29.90 22.60 4.00 0.80 1.90 3.00 2.60 0.50 0.90 16.90 33.50 154.90 
Table 2.29: Final Energy Consumption 
 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 84.0 153.1 
Cooling 17.7 23.2 
DHW 31.2 20.9 
SUM 132.8 197.2 
Table 2.30: Primary Energy Consumption 
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Concluding, in table 2.30 the primary energy consumption for the Selected Building un-
der study is presented. According to the classification of the energy categories as KENAK 
lists them, the Residence is classified in Category D. Below in shape 2.31 the categories 
are presented followed by their respected consumptions. 
 
Shape 2.31: Classification Categories classified by consumption according to the Technical  













3 Thermal Environment  
Measurements 









1 T-RH/Hobo ONSET 
Η08-003-02 
Outside Area Accuracy: ± 0.5 °C (Τ) 
**, ± 5% (RH)** 
Range: −20 to 70 °C 
(T), 25–95% (RH) 
2 T-RH/Hobo ONSET 
Η08-003-02 
Hall Area Accuracy: ± 0.5 °C (Τ) 
**, ± 5% (RH)** 
Range: −20 to 70 °C 
(T), 25–95% (RH) 
3 T-RH-CCO2/Telaire 
7001, Hobo ONSET 
U12−012* 
Living Room Accuracy: ± 0.5 °C (T) 
**, ± 5% (RH)**, ± 
5% or ± 50 ppm 
(CCO2) Range: −20 
to 70 °C (T), 5–95% 
(RH), 0–10000 ppm 
(CCO2) 
4 T-RH- CCO2/Telaire 
7001, Hobo ONSET 
U12-012 
Bedroom 1 Accuracy: ± 0.5 °C (T) 
**, ± 5% (RH)**, ± 
5% or ± 50 ppm 
(CCO2) Range: −20 
to 70 °C (T), 5–95% 
(RH), 0–10000 ppm 
(CCO2) 
Table 3.1: Installed Equipment 
* The Telaire 7001 instrument was connected to HOBO ONSET U12-012 in order to 
measure and record CO2 concentration. **Aging effects have been considered.
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Picture 3.3: Equipment Position 1 
 
 
Picture 3.4: Equipment Position 2 
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Picture 3.5: Equipment Position 3 
 
 
Picture 3.6: Equipment Position 4 
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3.2 Extracted Data from Measurements 
 
The measurement period started from 12/08/2020 and ended at 04/11/2020. In these 
85 days measurement period, the extracted data are from the hottest period of the 
Summer (14/08 - 25/08), in which cooling needs are required, until the early winter pe-
riod (20/10 - 04/11), in which heating needs are required. 
As mentioned earlier, to cover cooling loads in the building, split type A/C units are used. 
To cover the heating loads, the main heating device is a fireplace, connected to the heat-
ing water system, which circulates hot water in the fancoils. Also, there is an oil-fired 
boiler to cover needs whenever the fireplace remains unused. 
 
 
Graph 3.7: Daily Measured Temperature 
 
Graph 3.7 represents the daily measured dry bulb temperature extracted from the 
equipment placed in the residence. It’s clear that looking the Outer Temperature (Blue 
Line) the climate of Skiathos is mild, varying from 29oC to 17oC.  
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The measurements from within the building shows that the shell, even though it’s not 
sufficiently insulated, keeps a rather stable temperature. The equipment that was 
placed in three (3) different and distant locations within the residence, give relatively 
same measurements, which mean that there are no “problematic” areas in the build-
ing’s shell. The measured temperature varies from 28oC to 21oC. According to ASHRAE, 
the desired temperature for a residence is 24-26oC. 
Indoor temperature follows the pattern of outdoor, indicating the non-intensive opera-
tion of energy systems, the effect of natural ventilation, as well as the transition from 
summer indoor conditions to winter ones. 
 
Graph 3.8:  Highest Temperature Measured - Timely Measurements 
 
Graph 3.8 represents the day that the highest temperature was recorded. In 14/08/2020 
the average daily temperature is 29.50oC and during the day temperatures reached 
33.5oC.  
In the graph is clear the time of day when the cooling units started working. During the 
night hours the temperature remained in stable conditions, but starting the morning an 
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elevation in temperature is observed, and from noon hours this elevation becomes felt. 
At that time, it’s clear that the cooling units of the residence started working, since there 
is a significant drop in the recorded temperature from within the building.  
As mentioned earlier, during night time the temperature drops. The recorded outer tem-
perature drops approximately 10oC from noon to night but the temperature within the 
residence remains in stable levels. 
 
 
Graph 3.9:  Lowest Temperature Measured - Timely Measurements 
 
In graph 3.9 the day that the lowest temperature was recorded is represented. In 
03/11/2020 the average daily temperature is 17oC and during the day temperatures 
reached 21oC.  
In this graph it appears that during night time the temperature of the residence drops 
but in stable levels, and is clear that from noon the heating units started working and 
the temperature started raising.  
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Graph 3.10:  Daily Relative Humidity 
 
Graph 3.10 represents the daily measured relative humidity. Skiathos is an island that 
has increased humidity compared to other regions. It’s clear from the graph that the 
















Graph 3.11:  Lowest Relative Humidity Measured - Timely Measurements  
 
Graph 3.11 represents the day that the lowest relative humidity was recorded. In 
13/08/2020 the average relative humidity is 42% and it varies though the day from 48% 
to 52% inside the residence. 
It also shows the time that the outer temperature stared raising, resulting in drying the 
air and dropping the relative humidity. During afternoon and night hours, the relative 
humidity in summer remains approximately stable. 
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Graph 3.12:  Highest Relative Humidity Measured - Timely Measurements  
 
Graph 3.12 represents the day that the highest relative humidity was recorded. In 
03/11/2020 the average outer relative humidity is 85% and it varies though the day from 
65% to 73% inside the residence. 
The winter period in Skiathos is defined from high relative humidity levels, we can see 
in the graph that during the night hours and early morning hours, the RH levels are sig-
nificantly higher than daytime.  
The measurements recorded from within the residence show a relatively stable RH lev-
els but still its high. 
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Graph 3.13:  Daily CO2 Concentration  
 
Graph 3.13 represents the daily CO2 emissions recorded from within the residence from 
2 different areas of the residence, living room and bedroom.  
As one may see, by most of the time, the values remain close to the ambient ones (400 
ppm); this can be related to the fact that by summer and autumn time natural ventila-
tion takes place almost constantly.  The higher values, after the mid-October, indicate 
the closing of windows, and the respective increase of CO2 concentration, ought to the 
human presence. 
It should be noted that the observed values lie in general below the indicated, though 
not restricting, limit of 700 ppm (ANSI/ASHRAE, 2016) or 800 ppm (Greek Government, 
2014) 
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Graph 3.14:  Lowest CO2 Concentration Recorded - Timely Measurements 
 
As one may see, by most of the time, the values remain close to the ambient ones (400 
ppm); this can be related to the fact that by summer time natural ventilation takes place 
almost constantly.   
 
 
Graph 3.15:  Highest CO2 Concentration Recorded - Timely Measurements 
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The higher values, after the mid-October, indicate the closing of windows, and the re-
spective increase of CO2 concentration, ought to the human presence. 
 
Concluding in table 3.16 are represented the minimum, maximum and mean values for 
each indicator as measured within the time period. It’s clear that since all temperatures 
have differences lower than 5% from the outer, the residence’s envelope perform well 
in spite of the lack of insulation and the aging of the construction. 
 
Parameter 
Outside Area Living Room Hall Area Bedroom 
Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max 
T (Deg 
Celsius) 24.4 13.2-49.5 25.2 13.5-30.00 25.3 13.2-30.3 25.7 13.9-30.7 
RH (%) 59.7 15-96.6 58.4 42-74.7 - - 60.5 40.1-77.6 
CO2 
(ppm) - - 529.90 325.4-1362 - - 633.1 329-2385 
Table 3.16: Summarized Data from Measurements 
 
3.3 Aerial Thermal Inspection  
 
In order for more accurate information about the temperature and losses of the selected 
building, a thermal aerial inspection using Drone was performed as well. The inspection 
was performed during daytime, the outer temperature was 15.6oC and the relative hu-
midity was from 70%-80%. The Drone used for this inspection was the DJI Matrice 300 
RTK equipped with Zenmuse H20T thermal camera. Using the drone’s thermal camera, 
results will be extracted in order to determine the heat losses of the envelope and the 
existence of thermal bridges. 
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Picture 3.17:  Thermal Aerial Inspection 1 
 
It is clear that the building has different parts. Part of the building has concrete roof, 
part of it has Wooden roof with ceramic tiles, and part of it is plaster board with ceramic 
tiles. 
The wooden part of the roof, presents temperatures varying from 11oC to 15oC. The 
temperature of the wooden roof is close to the outer, which mean that there are no 
significant losses from the roof.  
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Picture 3.18:  Thermal Aerial Inspection 2 
 
The concrete part of the roof, presents temperatures varying from 8.5oC to 11oC. The 
temperature of the concrete roof is lower regarding the outer, which mean that the 
concrete part is better insulated and prevents heat losses. 
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Picture 3.19:  Thermal Aerial Inspection 3 
 
The parts that are constructed with plaster board material present the highest heat 
losses. The temperature on those parts varies from 15oC to 18oC, which mean that in-





Picture 3.20:  Thermal Aerial Inspection 4 
 
The outer concrete walls of the building present temperatures varying from 10oC to 12oC 
which mean that insulation is applied but it is not the best possible. Also, the aerial in-
spection showed parts of the roof where problems exist with the current insulation of 
the roof which must be restored. 
 
Concluding the aerial thermal inspection showed that the building’s envelope was in 
overall good condition with few faulty parts in the building’s roof. This comes to verify 
the data collected from the thermal measurements. Lastly the thermal inspection with 
the drone revealed the parts in which the roof’s insulation was failing and thus it pro-
vided the information needed in order to implement the proper interventions. 
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4 Formulation of Energy  
Intervention Scenarios 
After completing a thorough analysis on the Current State, and using the information 
obtained from the thermal measurements and the drone inspection the following sce-
narios: 
• Scenario 1: 
In this scenario interventions will be made in the building’s envelope. During the analysis 
of current state, all measurements showed that the envelope has minimal thermal 
losses, but according to the calculations made in the U Values of both opaque and trans-
parent structural elements of the construction do not uphold the minimum standards. 
So, in scenario 1 thermal insulation will be added on the outer walls, the windows will 
be replaced with energy efficient ones, and thermal insulation will be added in the roof 
which during the aerial thermal inspection appeared failures. 
• Scenario 2: 
In this scenario interventions will be made in the building’s HVAC system in order to 
replace the existing obsolete systems with newer of higher efficiencies and lower con-
sumptions. Meanwhile the changes made in scenario 1 will be maintained. 
• Scenario 3: 
In this scenario renewable sources of energy will be added to the plot in an effort to 
make the building nZEB. 
It should be noted that the proposed interventions are in line with the suggestions of 







4.1 Scenario 1 - Envelope: 
Cross Sections of the Upgraded Opaque Structural Elements:  




Shape 4.1: Section of Structural Element Outer Walls 
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1A. Calculation of the Thermal Resistance (R) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Coating 1900 0.020 0.872 0.023 
2 Wall 1200 0.090 0.523 0.172 
3 Insulation  0.050 0.041 1.220 
4 Wall 1200 0.090 0.523 0.172 
5 Coating 1900 0.020 0.872 0.023 
6 Expanded Polystyrene EPS200 30 0.050 0.033 1.515 
   Σd=0.320  RΛ=3.125 
1B. Thermal Transmission Resistances 
Thermal Transmission Resistances Ri (inner) Ra (outer) 
Outer Walls and Windows in contact with outer air 0.130 0.040 
Wall in contact with Unheated Space 0.130 0.130 
Wall in contact with the Ground 0.130 0.000 
Roof (ascending heat flow) 0.100 0.040 
Roof in contact with Unheated Space 0.100 0.100 
Floor above Pilotis 0.170 0.040 
Floor above Unheated Space (descending flow) 0.170 0.170 
Floor in contact with the Ground 0.170 0.000 
1C. Sum up of heat resistances 
1 Thermal Transmission Resistance (inner) Ri (m²K)/W 0.13 
2 Heat Refractory Resistance RΛ (m²K)/W 3.125 
3 Thermal Transmission Resistance (outer) Ra (m²K)/W 0.04 
4 Thermal Permeability Resistance Rολ (m²K)/W 3.295 
1D. U-value calculation 
U Value U W/(m²K) 0.304 
Max Permissible U Value Umax W/(m²K) 0.45 







2A. Calculation of the Thermal Resistance (R) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Wood  900 0.018 0.209 0.086 
2 Asphalt Cloth 1100 0.010 0.186 0.054 
3 Glass Wool  65 0.1 0.027 3.704 
4 Air Gap  0.075 0.360 0.208 
5 Ceramic Roof Tiles 1200 0.040 0.581 0.069 
   Σd=0.243  RΛ=4.121 
2B. Thermal Transmission Resistances 
Thermal Transmission Resistances Ri (inner) Ra (outer) 
Outer Walls and Windows in contact with outer air 0.130 0.040 
Wall in contact with Unheated Space 0.130 0.130 
Wall in contact with the Ground 0.130 0.000 
Roof (ascending heat flow) 0.100 0.040 
Roof in contact with Unheated Space 0.100 0.100 
Floor above Pilotis 0.170 0.040 
Floor above Unheated Space (descending flow) 0.170 0.170 
Floor in contact with the Ground 0.170 0.000 
2C. Sum up of heat resistances 
1 Thermal Transmission Resistance (inner) Ri (m²K)/W 0.10 
2 Heat Refractory Resistance RΛ (m²K)/W 4.121 
3 Thermal Transmission Resistance (outer) Ra (m²K)/W 0.04 
4 Thermal Permeability Resistance Rολ (m²K)/W 4.261 
2D. U-value calculation 
U Value U W/(m²K) 0.235 
Max Permissible U Value Umax W/(m²K) 0.40 
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Type Element γ1 U [W/(m²K)] A [m²] α2 ε3 
Wall WL-N1 185 0.304 6.45 0.40 0.80 
Wall WL-N2 5 0.304 24.99 0.40 0.80 
Wall WL-N3 184 0.304 19.94 0.40 0.80 
Wall WL-E1 275 0.304 1.71 0.40 0.80 
Wall WL-E2 3 0.304 21.13 0.40 0.80 
Wall WL-E3 96 0.304 7.35 0.40 0.80 
Wall WL-S1 5 0.304 6.60 0.40 0.80 
Wall WL-S2 184 0.304 12.76 0.40 0.80 
Wall WL-S3 185 0.304 8.91 0.40 0.80 
Wall WL-S4 94 0.304 20.94 0.40 0.80 
Wall WL-W1 275 0.304 4.05 0.40 0.80 
Wall WL-W2 275 0.304 18.12 0.40 0.80 
Wall WL-W3 95 0.304 2.40 0.40 0.80 
Wall WL-W4 275 0.304 7.35 0.40 0.80 
Ground Floor  - 1.853 155.50 0.00 0.00 
Roof  Ο 0.235 155.50 0.65 0.80 
Table 4.5: Summarized U Value for the Opaque Elements of the Residence 
 
Regarding the selection of the transparent elements of the building, it was decided to 
install Aluminum frame windows with U Value of 2.3 W/m2K. The technical characteris-
tics of the windows were given by the manufacturer and the relevant certification will 
be attached in appendix. Although there are frames with significantly lower U Values, 
their respected prices were as well significantly higher. As mentioned earlier measure-
ments showed the good condition of current state’s envelope and thus a cheaper option 
was selected. In the table 4.6 that follows u-value calculations will be presented as cal-









Window Frame Characteristics 
Window Opening Width [m] Opening Height [m] Number of frames Window Area [m2] 
WD-S4 1.96 2.30 4 4.51 
WD-S1 1.70 2.20 3 3.74 
WD-W1 1.13 2.20 2 2.49 
WD-N1 1.20 1.25 2 1.50 
WD-N2 1.28 1.45 2 1.86 
WD-E2 1.30 1.40 2 1.82 
WD-E3 1.05 1.00 2 1.05 
WD-S3 0.52 0.55 1 0.29 
WD-N4 0.52 0.80 1 0.42 
Window Glass Characteristics 
Window Frame Area [m2] Glass Area [m2] Frame Percentage Length Lg [m] U Value [W/(m2K)] gw 
WD-S4 1.58 2.92 35% 19.92 2.465 0.44 
WD-S1 1.18 2.56 31% 14.80 2.437 0.47 
WD-W1 0.78 1.70 32% 9.860 2.438 0.47 
WD-N1 0.51 0.99 34% 6.200 2.448 0.45 
WD-N2 0.58 1.27 31% 7.160 2.431 0.47 
WD-E2 0.57 1.25 31% 7.000 2.431 0.47 
WD-E3 0.41 0.64 39% 4.900 2.480 0.41 
WD-S3 0.14 0.15 48% 1.540 2.523 0.35 
WD-N4 0.18 0.24 42% 2.040 2.494 0.39 
Calculation of Transparent Elements U Value 
Window Width [m] Height [m] Area [m2] U [W/(m2K)] U*A [W/K] gw 
WD-N1 1.20 1.25 1.50 2.448 3.67 0.45 
WD-N2 1.28 1.45 1.86 2.431 4.51 0.47 
WD-W1 1.13 2.20 2.49 2.438 6.06 0.47 
WD-S1 1.70 2.20 3.74 2.437 9.11 0.47 
WD-S3 0.52 0.55 0.29 2.523 0.72 0.35 
WD-S4 1.96 2.30 4.51 2.465 11.11 0.44 
WD-E2 1.30 1.40 1.82 2.431 4.42 0.47 
WD-E3 1.05 1.00 1.05 2.480 2.60 0.41 
WD-N4 0.52 0.80 0.42 2.494 1.04 0.39 
Table 4.6: Summarized U Value for the Transparent Elements of the Residence 
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 ΣΑ [m2] Σ[b*UxΑ] [W/K] ή Σ[b*Ψ*l] 
[W/K] 
Vertical Opaque Structural 
Elements 
171.0 102.8 






Sum 499.7 336.5 
[Σ(b*U*A)+Σ(b*Ψ*l)]/ΣA 0.674 
Table 4.7 Summarized Data 
In order to check the thermal insulation adequacy of the building, it is necessary to cal-
culate the ratio of the external surrounding surface of the heated parts of the building 
to their volume. The Calculation Issue gives in detail how to calculate the A / V ratio. 
As it turned out A / V = 1,071 m-1 which from table 2.7 corresponds to maximum allow-
able Um, max = 0.730 W / (m²K). Table 4.7 summarizes the building blocks, the sums of 
U*A, and the sums of Ψ*l. As it turns out, the average heat transfer coefficient of the 
building is equal to: 
Um=0.674 W/m2K <= Um,max=0.730 W/m2K 
Therefore, the building is sufficiently insulated. 
 
So, using the upgraded U Values of the structural elements of the Selected Residence as 
summarized in tables 4.5 and 4.7 in 4M KENAK software calculations of the heating and 
cooling loads for each month are presented in table 4.8 as follows: 
 
Required Loads for Heating and Cooling (kWh/m²) 
 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 13.90 10.70 7.70 0.90 0.00 0.00 0.00 0.00 0.00 0.00 5.40 11.90 50.60 
Cooling 0.00 0.00 0.00 0.00 0.80 7.10 11.10 9.70 1.40 0.00 0.00 0.00 30.00 
DHW 2.40 2.20 2.30 2.00 1.80 1.50 1.30 1.30 1.40 1.80 2.00 2.30 22.30 




Final Energy Consumption per Final Use (kWh/m²) 
 
Months JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 25.60 19.70 14.20 1.70 0.00 0.00 0.00 0.00 0.00 0.00 10.10 22.00 93.20 
Solar Power for Heating 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cooling 0.00 0.00 0.00 0.00 0.20 1.60 2.60 2.20 0.30 0.00 0.00 0.00 6.90 
DHW 1.90 1.60 1.50 1.00 0.60 0.10 0.00 0.00 0.20 0.90 1.40 1.80 11.00 
Solar Power for DHW 0.90 0.90 1.10 1.30 1.40 1.50 1.60 1.60 1.40 1.10 0.90 0.80 14.50 
Lighting 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Photovoltaics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sum 27.40 21.30 15.80 2.70 0.70 1.70 2.60 2.20 0.50 0.90 11.50 23.80 111.10 
Table 4.9: Final Energy Consumption per Final Use Scenario 1 
 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 81.3 104.3 
Cooling 17.7 20.1 
DHW 31.2 20.9 
Lighting 0.0 0.0 
Renewables 0.0 0.0 
Sum 130.2 145.2 
Table 4.10: Primary Energy Consumption per Final Use Scenario 1 
 
Final Use Energy Consumption (kWh/m²) CO2 Concentration (kg/year/m²) 
Electricity 12.8 12.0 
Oil  98.3 23.0 
Solar Power 14.5 0.0 
Geothermal 0.0 0.0 
Table 4.11: Consumption and Concentration Scenario 1 
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Concluding, in table 4.10 the primary energy consumption for the Selected Building un-
der study is presented. According to the classification of the energy categories as KENAK 
lists them, the Residence is classified in Category C. Below in shape 4.12 the categories 
are presented followed by their respected consumptions. 
 
 
Shape 4.12: Classification Categories classified by consumption according to the Technical  













4.2 Scenario 2 - HVAC: 
In this second scenario interventions will be made in the Residence’s HVAC system, 
while maintaining the changes of Scenario 2. The oil-fired boiler will be replaced with a 
heat pump regarding the building’s heating system, and the solar panels, which are 10-
year-old, will be replaced with a new technology larger area panel. 
The selected heat pump is the Panasonic KIT-WC12H9E8, INVERTER. According to the 
manufacturer’s brochure, its maximum power is 12kW and its maximum COP is 4.67. 
The brochure will be implemented in Annex. 
• Upgraded Heating System: 





Monthly coverage rate of thermal load of the thermal zone by the system (%) 
JAN 1 FEB 1 MAR 1 APR 1 MAY 0 JUN 0 
JUL 0 AUG 0 SEPT 0 OCT 0 NOV 1 DEC 1 
Delivery temperature of hot medium in the distribution network (°C): 50.00 
 
Heating Efficiency of the Distribution Network: 95.5% 
 
Terminal Units: Fan coils 
 
Heating Efficiency of Terminal Units: 0.89 Τ.Ο.Τ.Ε.Ε. 20701-1/2017, table 4.14 
 
Table 4.13: Upgraded Heating System of the Residence 
 
The selected new panel is the MasterSol S20. According to the manufacturer’s brochure 
its dimensions are 1*2m, which provides an area of 2m2 per piece, maximum operating 
pressure is 10bar, with an aluminum - titanium panel and aluminum frame. The insula-
tion inside the frame is mineral wool with a performance factor of 95%.  
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• Upgraded Solar Panel: 
Solar Panels 
 
Type of Solar Panel Selective 
Solar Panel Use DHW 
Degree of Solar Utilization for DHW (%):  36 
Solar Panel Area (m²):  8.0 
Solar Panel Inclination (°):  45 
Solar Panel Orientation (°):  180 
Shading Factor F-s:  1.00 
Table 4.14: Upgraded Solar Panels of the Residence 
In the following tables, the primary energy and the emissions will be presented of Sce-
nario 2 
 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 48.0 41.0 
Cooling 17.7 18.4 
DHW 31.2 28.4 
Lighting 0.0 0.0 
Renewables 0.0 0.0 
Sum 96.8 87.8 
Table 4.15: Primary Energy Consumption per Final Use Scenario 2 
 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Electricity 30.3 29.0 
Solar Power 14.5 0.0 
Geothermal 0.0 0.0 





Concluding, in table 4.15 the primary energy consumption for the Selected Building un-
der study is presented. According to the classification of the energy categories as KENAK 
lists them, the Residence is classified in Category B. Below in shape 4.17 the categories 
are presented followed by their respected consumptions. 
 
 
Shape 4.17: Classification Categories classified by consumption according to the Technical  
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4.3 Scenario 3 - Renewables: 
In this final scenario, all interventions from Scenario 1 and 2 will be maintained and 
10m2 of Photovoltaic System will be added. Since the adding of a heat pump in sce-
nario 2 the only fuel the residence need is now electricity. Adding a renewable source 
of energy will minimize the primary energy need of the building. 
The selected photovoltaic panel is the Sharp ND-AF330 330Wp. According to its bro-
chure the maximum power is 330W, its degree of solar utilization is 17% and its dimen-




Type of Panel Polycrystalic 
Panel Use Electicity 
Degree of Solar Utilization (%):  17 
Solar Panel Inclination (°):  45 
Solar Panel Orientation (°):  180 
Shading Factor F-s:  1.00 
Table 4.18: Photovoltaic Panel of Scenario 3 
 
The PV system is connected to Net Metering. This means that if the production is more 
than the needs the extra energy produced will go to waste cost wise. In order to decide 
the required installation area of PV panels several areas were calculated using TEE-KE-
NAK software and the costs are presented in table 4.19. 
  10m2 PV Area 15m2 PV Area 20m2 PV Area 25m2 PV Area 
Operating Cost (€) 290.1 -1.1 -1.1 -1.1 
Initial Investment Cost (€) 34920.8 36075.8 37230.8 38385.8 
Reduction in Primary Energy (kWh/m2) 167.6 177.4 183.2 187.4 
Percentage in Reduction (%) 85 89.9 92.8 95 
Payback Period (years) 15.6 13.8 13.8 13.8 
Table 4.19: Photovoltaic Panel of Scenario 3 
Its clear that installing area larger than 15m2 will only add additional cost in initial in-
vestment without reducing the payback period of the investment. For that reason, 
15m2 of PV panels will be installed in the Residence.  
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Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 48.0 39.0 
Cooling 17.7 18.4 
DHW 31.2 6.0 
Lighting 0.0 0.0 
Renewables 0.0 43.7 
Sum 96.8 19.7 
  Table 4.20: Primary Energy Consumption per Final Use Scenario 3 
 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Solar Power 55.8 0.0 
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Concluding, in table 4.20 the primary energy consumption for the Selected Building un-
der study is presented. According to the classification of the energy categories as KENAK 
lists them, the Residence is classified in Category A+. Below in shape 4.22 the categories 
are presented followed by their respected consumptions. 
 
 
Shape 4.22: Classification Categories classified by consumption according to the Technical  















4.4 Cost - Benefit Analysis: 
 
In table 4.23 the Primary energy consumption for all scenarios is presented. From the 
analysis is clear that the major impact in the selected residence’s consumption lies with 
replacing the HVAC and adding renewable sources of energy. 
In scenario 1 where interventions in the envelope took place, the overall reduction is 
26,37%. This comes as a verification of the measurements and the aerial inspection that 
the envelope is in good shape and does not have significant losses. 
 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Current State Scenario 1 Scenario 2 Scenario 3 
Heating 153.1 104.3 41.0 39.0 
Cooling 23.2 20.1 18.4 18.4 
DHW 20.9 20.9 28.4 6.0 
Renewables 0.0 0.0 0.0 43.7 
Sum 197.2 145.2 87.8 19.7 
Percentage of 
Reduction 
- 26.37% 55.48% 88.9% 
Table 4.23: Summarized Primary Energy Consumptions for All Scenarios 
 
In table 4.24 the total interventions and their pricing will be presented.  
The prices for the outer insulation, the roof insulation, the windows and the outer 
doors is placed as suggested in the latest version of the Greek Program for the upgrade 
in energy efficiency of residences “Exoikokomo - Autonomo” (Greek Ministry of Envi-
ronment and Energy, 2020).  
The price for the solar panels is placed as suggested in the manufacturer’s webpage. 
(www.mastersol.gr)  
The price for the heat pump is placed as suggested from the financial offer of company 
ALPHATECH which will be added in the Appendix. 
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The price for the photovoltaic panel is the latest version of the Greek Program for the 
upgrade in energy efficiency of residences “Exoikokomo - Autonomo” (Greek Ministry 
of Environment and Energy, 2020).  
 
    Cost  Sum Remarks 
Insulation for Outer Walls (m2) 190 55 (€/m2) 10450 Outer Insulation of R>1.8 
Roof Area (m2) 155.55 25 (€/m2) 3888.75 Roof Insulation 
Solar Panels S20 (piece) 4 138 (per piece 552 Mastersol S20 
Heat Pump 20 KW (pieces) 1 8000 (per piece) 8000 Panasonic KIT-WC12H9E8 
Outer Windows (m2) 21 370 (€/m2) 7770 Aluminum with U 2,2 
Outer Doors (m2) 6.5 300 (€/m2) 1950 Aluminum with U 2,2  
Photovoltaic Panels (kW) 2.5 1400 (€/per installed kW) 2000 Sharp ND-AF330 330Wp 














Operating Cost (€) 1742.3 2543.5 1853.2 801.8 -1.1 
Initial Investment Cost (€)   24058.75 32610.75 36075.75 
Reduction in Primary Energy (kWh/m2)   52 109.3 177.5 
Percentage in Reduction (%)   26.4 55.5 89.9 
Price of Energy Saved (€/kWh)   2.9 2 1.3 
Reduction CO2 Emissions (Kg/m3)   13 21.7 51.7 
Payback Period (years)     34.1 19.2 13.8 
Table 4.25: Payback Period for each scenario 
 
In table 4.25 the payback period for each scenario is presented. As mentioned earlier, 
scenario 1 has the lowest percentage in reduction since the envelope was in a good 
condition before the interventions. This scenario has a high initial investment cost and 
the payback period is very high to make it worth. Applying scenario 2 with an addi-
tional 26% in cost drops significantly the payback period. Cost wise though the best 
scenario is the third. With 31% additional cost in comparison to the scenario 1 the pay-
back period drops to more than half.  






This study consists of an energy analysis of a specific building towards environmentally 
friendly solutions. Performing thermal measurements of the inner and outer conditions 
in a large time period (85 days) of both summer and early winter time, in addition with 
the aerial thermal inspection using Drone, allowed the extractions of safe conclusions 
regarding the building’s envelope. 
The measurements showed that in spite of the building’s aging and poor insulation the 
envelope performed well with few thermal losses.  
Following the measurements, a wide thermal analysis using GCAD for the insertion of 
the model and 4M KENAK software to perform the analysis of current state was per-
formed to determine the building’s energy consumption and it’s HVAC systems effi-
ciency. The analysis classified the current state in category D according to the Greek 
Energy Efficiency Legislation KENAK. 
The scenarios that were formulated following the measurements and thermal analysis 
of current state led to verification of measurements findings that the envelope was in 
good condition. This is why interventions on the envelope will not add significant value 
cost wise and the focus of the interventions must be in upgrading the existing HVAC and 
investing in renewable sources of energy. Calculations indicate that the building could 
be upgraded to class Β, through a set of envelope interventions, replacement of the solar 
thermal system and installation of a heap pump; while the additional installation of a PV 
system, on an area that can cover all demand (15 m2), allows the upgrade to the best 
category (A+), on a reasonable pay-back period. 
It should be noted, that the assumed interventions are in line with the relevant litera-
ture, especially concerning mild climates. Electrification of thermal loads, can be a cost-
effective preference, especially in sites where moderate ambient conditions favour the 
use of heat pumps. 
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In conclusion the aerial thermal inspection using Drone is a practice that should be im-
plemented in future inspections, since it has high accuracy in measuring the heat losses 
of the envelope and it indicates thermal bridges that helps the engineers focus on the 
faulty parts of the building than performing large retrofitting actions with high costs, 
which do not have the expected results and have large payback periods. Also, for loca-
tions with mild climates, like Skiathos, the ambient temperature is close to the desired 
operating one and thus as the study showed it is more efficient to invest in newer with 
high energy efficiency HVAC systems rather than investing in interventions in building’s 
shell.  
It’s also safe to assume that due to the climatic conditions cost wise it is very efficient to 
invest in renewable energy sources. As technology leaps forward and the initial invest-
ment cost in renewables drops, adding such a source gives a significantly high value to 
the property and it helps reducing both energy consumption and CO2 concentration. 
 
For future research it would be interesting to select same building typology in all 4 cli-
matic zones of Greece and performing the same method (thermal measurements with 
lab equipment, aerial thermal inspection with drone, modeling current state and sce-
narios) to extract data regarding the cost benefit interventions for same typology build-
ings in different climatic zones. In this way and for longer study periods, safe results will 
be extracted and both engineers and owners can have a roadmap for higher energy ef-
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7.1 Appendix 1: Thermal Aerial Inspection Report 
 
7.2 Appendix 2: Panasonic Heat Pump Brochure 
 
7.3 Appendix 3: Inspection sheet of existing oil-fired boiler 
 
























POI ( ? )
Roof inspection - Summary
Πελάτης: ΣΤΑΜΕΛΟΣ ΣΤΑΜΑΤΗΣ 



















Id Severity Issues Comments Page
1855553 4 Broken tile 2
1855555 5 Gap 2
1855556 5 Gap 3
1855557 5 Gap 3
1855558 1 Debris 4
1855559 1 Debris 4
1855560 1 Debris 5
1855554 4 Broken tile 6
1857527 3 POI 7
1855564 3 Roof 8
1855565 5 Gap 9
1855566 5 Gap 10
1855561 5 Gap 11
1855562 5 Roof 11
1855563 5 Roof 12




For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918842
1855553  Severity: 4  Broken tile
1855555  Severity: 5  Gap
 Remedy action: 
Insulation check
DJI_20201108123414_0004_T.JPG













1855556  Severity: 5  Gap
 Remedy action: 
Insulation check
1855557  Severity: 5  Gap





For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918843
1855558  Severity: 1  Debris
1855559  Severity: 1  Debris
DJI_20201108123414_0004_Z.JPG

















For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918845
1855554  Severity: 4  Broken tile
DJI_20201108123455_0005_Z.JPG














For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6928144
1857527  Severity: 3  POI
 Remedy action: 
Check!
DJI_20201108123553_0008_T.JPG














For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918846
1855564  Severity: 3  Roof
 Remedy action: 
Insulation check
DJI_20201108123601_0009_T.JPG














For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918847
1855565  Severity: 5  Gap
 Remedy action: 
Insulation check
DJI_20201108123601_0009_Z.JPG














For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918849
1855566  Severity: 5  Gap
 Remedy action: 
Insulation check
DJI_20201108123627_0012_Z.JPG














For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918848
1855561  Severity: 5  Gap
 Remedy action: 
Insulation check
1855562  Severity: 5  Roof
 Remedy action: 
Insulation check
DJI_20201108123632_0013_W.JPG













1855563  Severity: 5  Roof





For a more detailed overview go to aiva.coptrz.com/#/inspection/16305?image=6918850
1855567  Severity: 3  Roof
DJI_20201108124138_0026_Z.JPG
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